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METHOD AND MEMORY USED FOR REDUCING PROGRAM DISTURBANCE BY
ADJUSTING VOLTAGE OF DUMMY WORD LINE

Background of the Invention

1. Field of the Invention

The disclosure 1s related to a method and a memory for reducing program disturbance, and
more particularly, a method and a memory for reducing program disturbance by adjusting

voltage of a dummy word line.

2. Description of the Prior Art

In order to increase the capacity of a memory, a memory with a three-dimensional
structure has been developed. For example, a three-dimensional stack NAND flash memory
can be available presently.

A three-dimensional structure of a memory can include a plurality of layers so as to store
more data on a same area. This solution has been proved to be effective for increasing
capacity of memory.

However, the program disturbance will become more serious when the number of layers
1s increased. Program disturbance will lead to a higher failure rate of programming a memory.
Hence, a solution for reducing program disturbance when operating a three-dimensional

memory 1S 1n need 1n the field.

Summary of the Invention

An embodiment discloses a method for reducing program disturbance of a memory. The
memory includes an upper deck and a lower deck. The upper deck includes a first upper
dummy word line. The lower deck includes a first lower dummy word line. The method
includes adjusting a first upper bias voltage applied to the first upper dummy word line and/or
a first upper threshold voltage of the first upper dummy word line to adjust a first difference
between the first upper bias voltage and the first upper threshold voltage; and adjusting a first
lower bias voltage applied to the first lower dummy word line and/or a first lower threshold
voltage of the first lower dummy word line to adjust a second difference between the first
lower bias voltage and the first lower threshold voltage.

Another embodiment includes a memory for reducing program disturbance. The memory

includes an upper deck and a lower deck. The upper deck includes a first upper dummy word
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line configured to receive a first upper bias voltage and have a first upper threshold voltage.
The lower deck includes a first lower dummy word line configured to receive a first lower
bias voltage and have a first lower threshold voltage. The first upper bias voltage and/or the
first upper threshold voltage 1s adjusted to adjust a first difference between the first upper bias
voltage and the first upper threshold voltage. The first lower bias voltage and/or the first
lower threshold voltage 1s adjusted to adjust a second difference between the first lower bias
voltage and the first lower threshold voltage.

These and other objectives of the present invention will no doubt become obvious to
those of ordinary skill in the art after reading the following detailed description of the

preferred embodiment that 1s illustrated in the various figures and drawings.

Brief Description of the Drawings

FIG.1 illustrates a memory according to an embodiment.

FIG.2 1s a flowchart of a method for reducing program disturbance of the memory of
FIG.1.

FIG.3 1llustrates a memory according to another embodiment.

FIG.4 1s a flowchart of a method for reducing program disturbance of the memory of
FIG.3.

FIG.5 illustrates a memory according to another embodiment.

FIG.6 1s a flowchart of a method for reducing program disturbance of the memory of
FIG.S.

FIG.7 illustrates a memory according to another embodiment.

FIG.8 1s a flowchart of a method for reducing program disturbance of the memory of
FIG.7.

FIG.9 1s a waveform of controlling the memory of FIG.7.

FIG.10 1s a waveform of controlling the memory of FIG.7 according to another
embodiment.

FIG.11 to FIG.14 1llustrate a memory according to different embodiments.

Detailed Description

In the text, when an item A and an item B are connected with the conjunction “and/or” to
be “A and/or B”, 1t indicates A, B or both of A and B.

FIG.1 1illustrates a memory 100 according to an embodiment. The memory 100 may

include an upper deck 110 and a lower deck 120. The upper deck 110 may be formed above
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the lower deck 120. The memory 100 may further include a joint oxide layer 155 formed
between the upper deck 110 and the lower deck 120.

As shown 1n FIG.1, the upper deck 110 may include a first upper dummy word line
IDMY _u0, and the lower deck 120 may include a first lower dummy word line IDMY _10.

FIG.2 1s a flowchart of a method 200 for reducing program disturbance of the memory
100 of FIG.1. The method 200 includes tollowing steps.

Step 210: adjust a first upper bias voltage V_u0 applied to the first upper dummy word
line IDMY _u0 and/or a first upper threshold voltage Vt_u0O of the first upper dummy word
line IDMY _u0 to adjust a first difference AV_u0 between the first upper bias voltage V_u0
and the first upper threshold voltage Vt_u0; and

Step 220: adjust a first lower bias voltage V_10 applied to the first lower dummy word
line IDMY _10 and/or a first lower threshold voltage Vt_lO of the first lower dummy word line
IDMY _I10 to adjust a second difference AV_I0O between the first lower bias voltage V_I0 and
the first lower threshold voltage Vt_10.

FIG.2 1s merely an example, and the steps in FIG.2 may be performed 1n any sequence.
For example, Step 220 may be performed first. The steps may be performed concurrently.

AV u0 and AV 10 1n Step 210 and 220 may be expressed as the following equations:

AV u0=V u0-Vt_u0 ... (eg-1); and

AV 10=V 10-Vt_I0 ... (eq-2).

As described 1n Step 210 and Step 220, V_u0 and/or Vt_u0 may be adjusted to adjust
AV u0. V 10 and/or Vt 10 may be adjusted to adjust AV 10. By adjusting the first difference
AV u0 and the second difference AV 10 as below, program disturbance may be reduced.

As shown 1n FIG.1, a word line WLn may be at the first layer below the first lower
dummy word line IDMY_I0O. A word line WL(n-1) may be at the second layer below the first
lower dummy word line IDMY_10. Word lines WL(n-2) to WLO may be at layers below the
layer of the word line WL(n-1).

A word line WL(n+1) may be at the first layer above the first upper dummy word line
IDMY_u0. A word line WL(n+2) may be at the second layer above the first upper dummy
word line IDMY_u0. Word lines WL(n+3) to WLm may be at layers above the layer of the
word line WL(n+2).

Regarding the adjustment of the first difference AV u0 and the second difference AV 10,
when programming a word line of the word lines WL(n-1) to WL(n+2), the first difference
AV u0 may be adjusted to be higher than a threshold THI1. The second difference AV 10 may
be adjusted to be higher than the threshold TH1. In other words, after the adjustment, AV u0
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= V_u0 — Vt_u0 > THI, and AV 10 =V 10 — Vt_I0 > THI. For example, the threshold TH1

may be 7 volts.

When programming a word line of the word lines WL(n+3) to WLm, the first difference
AV u0 may be adjusted to be lower than a threshold TH2. The second difference AV 10 may
be adjusted to be lower than the threshold TH2. In other words, after the adjustment, AV u0 =
V_u0 — Vt_u0 < TH2, and AV 10 =V 10 — Vt_10 < TH2. For example, the threshold TH2
may be 7 volts.

When programming a word line of the word lines WLO to WL(n-2), the first difference
AV u0 and the second difference AV 10 may not be limited; however, according to
experiments, the first difference AV u0 and the second difference AV 10 may be higher than a
threshold TH3. For example, the threshold TH3 may be 3 volts.

FIG.3 1llustrates the memory 100 according to another embodiment. The structure shown
in FIG.3 may be similar to that shown in FIG.1. As shown 1n FIG.3, the lower deck 120 may
further include a second lower dummy word line IDMY _11.

FIG.4 1s a flowchart of a method 400 for reducing program disturbance of the memory
100 of FIG.3. The method 400 may include following steps.

Step 210: adjust a first upper bias voltage V_u0 applied to the first upper dummy word line
IDMY_u0 and/or a first upper threshold voltage Vt_uO of the first upper dummy word
line IDMY u0 to adjust a first difference AV u0O between the first upper bias voltage
V_u0 and the first upper threshold voltage Vt_u0;

Step 220: adjust a first lower bias voltage V_I0 applied to the first lower dummy word line
IDMY_IO and/or a first lower threshold voltage Vt_I0 of the first lower dummy word line
IDMY_IO to adjust a second difference AV 10 between the first lower bias voltage V 10
and the first lower threshold voltage Vt_10; and

Step 230: adjusting a second lower bias voltage V_I1 applied to the second lower dummy
word line IDMY_11 and/or a second lower threshold voltage Vt_I1 of the second lower
dummy word line IDMY _l11 to adjust a third difference AV 11 between the second lower
bias voltage V_I1 and the second lower threshold voltage Vt_11.

FIG.4 1s merely an example, and the steps in FIG.4 may be performed 1n any sequence.
For example, Step 220 or Step 230 may be performed before Step 210. The steps may be
performed concurrently.

AV u0 and AV 10 1n Steps 210 and 220 may be expressed as the equations (eq-1) and

(eq-2) above. AV 11 1n Step 230 may be expressed as the following equation.
AV 11 =V 11 -Vt 11 ... (eq-3).
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As described in Step 210 to Step 230, the first difference AV u0, the second difference
AV 10 and the third difference AV Il may be adjusted as below to reduce program
disturbance.

When programming a word line of the upper deck 110, the first difference AV u0 may
be adjusted to be higher than a threshold TH4, the second difference AV 10 may be adjusted
to be lower than the threshold TH4, and the third difference AV 11 may be adjusted to be
lower than the threshold TH4. In other words, after the adjustment, AV u0 =V u0 - Vt_u0 >
TH4, AV 10 =V 10 — Vt 10 < TH4, and AV 11 = V 11 — Vt_l1 < TH4. For example, the
threshold TH4 may be 7 volts.

In addition, according to an embodiment, a condition (¢-1) may also have to be met for
reducing program disturbance of the memory 100 of FIG.3.

The condition (c-1) may include that a difference between the first difference AV u0 and
the second difference AV 10 may be within a predetermined range, and another difference
between the first difference AV u0 and the third difference AV 11 may be within the
predetermined range.

The predetermined range related to the condition (¢-1) may be within a level L1 and a
level L2 higher than the level L1. Hence, 1n other words, the condition (c-1) may be expressed
as L1 < (AV u0- AV 10)<L2, and L1 <(AV u0 - AV I1) <L2. For example, the level L1
may be 3 volts, and the second level L2 may be 7 volts.

Regarding FIG.3, the equations and inequalities related to the first differenceAV u0, the
second differenceAV 10 and the third difference AV 11 mentioned above may be applied
when programming a word line of the upper deck 110.

When programming a word line of the lower deck 120, the first difference AV u0, the
second difference AV 10 and the third difference AV Il may not be limited; however,
according to experiments, the differences AV u0, AV 10 and AV 11 may be higher than a
threshold such as 3 volts.

FIG.5 illustrates the memory 100 according to another embodiment. The structure shown
in FIG.5 may be similar to that shown in FIG.1. As shown in FIG.3, the upper deck 110 may
further include a second upper dummy word line IDMY _ul.

FIG.6 1s a flowchart of a method 600 for reducing program disturbance of the memory
100 of FIG.5. The method 600 may include following steps.

Step 210: adjust a first upper bias voltage V_u0 applied to the first upper dummy word line

IDMY_u0 and/or a first upper threshold voltage Vt_u0O of the first upper dummy word

line IDMY u0 to adjust a first difference AV u0O between the first upper bias voltage
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V_u0 and the first upper threshold voltage Vt_u0;

Step 220: adjust a first lower bias voltage V_I0 applied to the first lower dummy word line
IDMY_I0O and/or a first lower threshold voltage Vt_I0 of the first lower dummy word line
IDMY 10 to adjust a second difference AV 10 between the first lower bias voltage V 10
and the first lower threshold voltage Vt_10; and

Step 240: adjusting a second upper bias voltage V_ul applied to the second upper dummy
word line IDMY _ul and/or a second upper threshold voltage Vt_ul of the second upper
dummy word line IDMY _ul to adjust a fourth difference AV ul between the second
upper bias voltage V_ul and the second upper threshold voltage Vt_ul.

FIG.6 1s merely an example, and the steps 1n FIG.6 may be performed 1n any sequence.
For example, Step 220 or Step 240 may be performed before Step 210. The steps may be
performed concurrently.

AV u0 and AV 10 in Step 210 and 220 may be expressed as the equations (eq-1) and
(eq-2) above. AV ul in Step 240 may be expressed as the following equation.

AV ul =V_ul — Vt_ul ... (eq-4).

As described 1in Step 210, Step 220 and Step 230, the first difference AV u0, the second
difference AV 10 and the fourth difference AV ul may be adjusted as below to reduce
program disturbance.

When programming a word line of the upper deck 110, the first difference AV u0 may
be adjusted to be lower than a threshold THS, the second difference AV 10 may be adjusted to
be lower than the threshold THS, and the fourth difference AV ul may be adjusted to be
higher than the threshold THS. In other words, after the adjustment, AV u0=V u0 — Vt_u0 <
THS, AV 10 =V 10 — Vt_I0 < THS, and AV ul = V_ul — Vt_ul > THS. For example, the
threshold THS may be 7 volts.

In addition, according to an embodiment, a condition (¢-2) may also have to be met for
reducing program disturbance of the memory 100 of FIG.S.

The condition (c-2) may include that a difference between the fourth difference AV ul
and the first difference AV u0 may be within a predetermined range, and another difference
between the fourth difference AV ul and the second difference AV 10 may be within the
predetermined range.

The predetermined range related to the condition (c-2) may be within a level L3 and a
level L4 higher than the level L3. Hence, 1n other words, the condition (c-2) may be expressed
as L3 <(AV ul - AV u0) < L4, and L3 <(AV ul - AV 10) < L4. For example, the level L3
may be 3 volts, and the level L4 may be 7 volts.

6



WO 2021/114014 PCT/CN2019/123978

Regarding FIG.S, the equations and 1nequalities related to the differences AV u0, AV 10
and AV ul mentioned above may be applied when programming a word line of the upper
deck 110.

When programming a word line of the lower deck 120, the diffterences AV u0, AV 10
and AV ul may not be limited; however, according to experiments, the differences AV u0,
AV 10 and AV ul may be higher than a threshold such as 3 volts.

FIG.7 illustrates the memory 100 according to another embodiment. The structure shown
in FIG.7 may be similar to that shown 1n FIG.1. Compared with FIG.1, in F1G.7, the upper
deck 110 may further include the second upper dummy word line IDMY _ul, and the lower
deck 120 may further include the second lower dummy word line IDMY _11.

FIG.8 1s a flowchart of a method 800 for reducing program disturbance of the memory
100 of FIG.7. The method 800 may include following steps.

Step 210: adjust a first upper bias voltage V_u0 applied to the first upper dummy word
line IDMY _u0 and/or a first upper threshold voltage Vt_u0 of the first upper dummy word
line IDMY u0 to adjust a first difference AV u0O between the first upper bias voltage V u0
and the first upper threshold voltage Vt_u0;

Step 220: adjust a first lower bias voltage V_I0 applied to the first lower dummy word
line IDMY _10 and/or a first lower threshold voltage Vt_l10 of the first lower dummy word line
IDMY 10 to adjust a second difference AV 10 between the first lower bias voltage V 10 and
the first lower threshold voltage Vt_10;

Step 230: adjusting a second lower bias voltage V_I1 applied to the second lower
dummy word line IDMY_I1 and/or a second lower threshold voltage Vt_l1 of the second
lower dummy word line IDMY 11 to adjust a third difference AV 11 between the second
lower bias voltage V_11 and the second lower threshold voltage Vt_11; and

Step 240: adjusting a second upper bias voltage V_ul applied to the second upper
dummy word line IDMY _ul and/or a second upper threshold voltage Vt_ul of the second
upper dummy word line IDMY ul to adjust a fourth difference AV ul between the second
upper bias voltage V_ul and the second upper threshold voltage Vt_ul.

FIG.8 1s merely an example, and the steps 1n FIG.8 may be performed 1n any sequence.
For example, Step 220, Step 230 or Step 240 may be performed betore Step 210. The steps
may be performed concurrently.

AV u0, AV 10, AV 11 and AV ul 1n Step 210 to Step 240 may be expressed as the
equations (eq-1) to (eq-4) described above.

As described in Step 210 to Step 240, the first difference AV u0, the second difference
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AV 10, the third difference AV 11 and the fourth difference AV ul may be adjusted as below
to reduce program disturbance.

When programming a word line of the upper deck 110, the first difference AV u0 may
be adjusted to be lower than a threshold TH11. The second difference AV 10 may be adjusted
to be lower than a second threshold TH12. The third difference AV 11 may be adjusted to be
lower than the first threshold TH11. The fourth difference AV ul may be adjusted to be
higher than the second threshold TH12. In other words, after the adjustment, AV u0 =V u0 —
Vt uO<THI11, AV 10=V 10-Vt 10 <THI12, AV 11 =V 11 — Vt_I1 <THII, and AV ul =
V_ul — Vt_ul > TH12. For example, the first threshold TH11 may be 11 volts, and the second
threshold TH12 may be 7 volts.

In addition, according to an embodiment, one of a condition (c-3) and a condition (c-4)
may also have to be met for reducing program disturbance of the memory 100 of FIG.7.

The condition (c-3) may include that a difference between the fourth difference AV ul
and the first difference AV u0 may be within a predetermined range, and another difference
between the fourth difference AV ul and the second difference AV 10 may within the
predetermined range.

The predetermined range related to the condition (¢-3) may be within a level LS and a
level L6 higher than the level LS. Hence, 1n other words, the condition (c-3) may be expressed
as LS <(AV ul - AV u0) <L6, and L5 <(AV ul - AV 10) <L6. For example, the level LS
may be 3 volts, and the level L6 may be 7 volts.

The condition (¢-4) may include that a difference between the fourth difference AV ul
and the second difference AV 10 may be within a predetermined range, and another difference
between the fourth difference AV ul and the third difference AV 11 may be within the
predetermined range.

The predetermined range related to the condition (¢c-4) may be within a level L7 and a
level L8 higher than the level L7. Hence, 1n other words, the condition (c-4) may be expressed
as L7 <(AV ul - AV 10) < L8, and L7 <(AV ul - AV 11) < L8. For example, the level L7
may be 3 volts, and the level L8 may be 7 volts.

Regarding FIG.7, the equations and inequalities related to the differences AV u0, AV 10,
AV 11 and AV ul mentioned above may be applied when programming a word line of the
upper deck 110.

When programming a word line of the lower deck 120, the differences AV u0, AV 10,

AV 11 and AV ul may not be limited; however, according to experiments, the differences

AV u0, AV 10, AV 11 and AV ul may be higher than a threshold such as 3 volts.
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FIG.9 1s a waveform of controlling the memory 100 of FIG.7. According to an
embodiment, the memory 100 may further include a top select gate electrode (denoted as
TSG), a select word line (denoted as Sel_WL), an unselect word line (denoted as Unsel WL),
a dummy word line (denoted as Dummy_WL), a select bit line (denoted as Sel_BL) and a
bottom select gate electrode (denoted as BSG) used for controlling both of the upper deck 110
and the lower deck 120.

As shown 1n F1G.9, before a program operation, a pre-pulse operation may be performed.
The pre-pulse operation may be performed to avoid failure of the program operation.

As shown 1n FIG.9, betore the pre-pulse operation, O volts may be applied to the select
word line (Sel_WL), the dummy word line (Dummy_WL), the select bit line (Sel_BL) and
the bottom select gate electrode (BSG). The first upper bias voltage V_u0, the first lower bias
voltage V_I0O, the second lower bias voltage V_11 and the second upper bias voltage V_ul
may be set as O volts.

The first upper bias voltage V_u0, the first lower bias voltage V_I0, the second lower
bias voltage V_I1 and the second upper bias voltage V_ul may be set to a pre-pulse level Vp
during the pre-pulse operation. Then, the first upper bias voltage V_u0, the first lower bias
voltage V_I0O, the second lower bias voltage V_11 and the second upper bias voltage V_ul
may be set to a program level Vpass during the program operation.

During the program operation, a voltage of the program level Vpass may be applied to
the unselect word line (Unsel_WL) and the dummy word line (Dummy_WL). A voltage
applied to the select word line (Sel_WL) may be increased to a level Vpgm.

As shown 1n FIG.9, during the program operation, O volts may be applied to the top
select gate electrode (TSG) and the bottom select gate electrode (BSG). After the program
operation, the select word line (Sel_WL), the unselect word line (Unsel_WL), the dummy
word line (Dummy_WL), the select bit line (Sel_BL) and the bias voltages V_u0, V_I0, V_I1
and V_ul may be set as floating.

In FIG.9, the pre-pulse level Vp may be higher than a maximum allowable level Vt_max
of the first upper threshold voltage Vt_u0, the first lower threshold voltage Vt_l0, the second
lower threshold voltage Vt_I1 and the second upper threshold voltage Vt_ul.

As F1G.9, the bias voltages V_u0, V_10, V_I1 and V_ul may be supplied by the same
voltage source to reduce the number of voltage sources.

FIG.10 1s a waveform of controlling the memory 100 of FIG.7 according to another

embodiment. FIG.10 may be similar to FIG.9. The similarities of FIG.10 and FIG.9 are not
described repeatedly.
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As FIG.9, in FIG.10, a pre-pulse operation may be performed before a program
operation.

During the pre-pulse operation, the first upper bias voltage V_u0, the first lower bias
voltage V_I0O, the second lower bias voltage V_l11, and the second upper bias voltage V_ul
may be set to a first pre-pulse level Vpl, a second pre-pulse level Vp2, a third pre-pulse level
Vp3 and a fourth pre-pulse level Vp4 respectively.

During the program operation, the first upper bias voltage V_u0, the first lower bias
voltage V_I0O, the second lower bias voltage V_l11, and the second upper bias voltage V_ul
may be set to a first program level Vpassl, a second program level Vpass2, a third program
level Vpass3 and a fourth program level Vpass4 respectively.

In F1G.10, each of the first pre-pulse level Vpl, the second pre-pulse level Vp2, the third
pre-pulse level Vp3 and the fourth pre-pulse level Vp4 may be higher than a maximum
allowable level Vt_max of the first upper threshold voltage Vt_u0, the first lower threshold
voltage Vt_l0, the second lower threshold voltage Vt_l1 and the second upper threshold
voltage Vt_ul.

In FIG.10, the bias voltages V_u0, V_10, V_11 and V_ul may be supplied separately for
better controllability and flexibility.

The waveforms in FIG.9 and FIG.10 may be applied when programming a word line of
the lower deck 120. When programming a word line of the upper deck 110, the bias voltages
V_u0, V_10, V_II and V_ul may be 0 volts during the pre-pulse operation.

FIG.11 to FIG. 14 illustrate a memory 1100 according to different embodiments. Like the
memory 100 described above, the memory 1100 may include an upper deck 110 and a lower
deck 120. However, the memory 1100 may not include the joint oxide layer 155 shown in
FIG.1. Compared with the memory 100, program disturbance may be more severe when
programming the memory 1100.

FIG.11 to FIG.14 may be similar to FIG.1, FIG.3, FIG.5 and FIG.7 respectively.

The equations and inequalities corresponding to FIG.1, FIG.3, FIG.5 and FIG.7
described above may be respectively applied to the cases of FIG.11 to FIG.14 for reducing
program disturbance. The equations and inequalities are not described repeatedly.

In summary, by adjusting the bias voltage(s) and the threshold voltage(s) related to
dummy word lines (e.g. IDMY_u0, IDMY_I0, IDMY_I11 and IDMY_ul mentioned above) 1n
a three-dimensional memory, program disturbance may be reduced. According to
embodiments, program disturbance occurred when programming a word line of an upper deck

may be better reduced. Hence, the problem 1n the field may be reduced.
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Those skilled 1n the art will readily observe that numerous modifications and alterations
of the device and method may be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as limited only by the metes and

bounds of the appended claims.
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Claims
What is claimed is:
1. A method for reducing program disturbance of a memory, the memory comprising an
upper deck and a lower deck, the upper deck being formed above the lower deck, the
upper deck comprising a first upper dummy word line, the lower deck comprising a first
lower dummy word line, the method comprising:
adjusting a first upper bias voltage applied to the first upper dummy word line and/or a
first upper threshold voltage of the first upper dummy word line to adjust a first
difference between the first upper bias voltage and the first upper threshold voltage;
and

adjusting a first lower bias voltage applied to the first lower dummy word line and/or a
first lower threshold voltage of the first lower dummy word line to adjust a second

difference between the first lower bias voltage and the first lower threshold voltage.

2. The method of claim 1, wherein:
the first difference 1s adjusted to be lower than a threshold; and

the second difference 1s adjusted to be lower than the threshold.

3. The method of claim 1, wherein:
the first difference 1s adjusted to be higher than a threshold; and
the second difference 1s adjusted to be higher than the threshold.

4. The method of claim 1, wherein the lower deck further comprises a second lower dummy
word line, and the method further comprising:

adjusting a second lower bias voltage applied to the second lower dummy word line

and/or a second lower threshold voltage of the second lower dummy word line to

adjust a third difference between the second lower bias voltage and the second lower

threshold voltage.

5. The method of claim 4, wherein:
the first difference 1s adjusted to be higher than a threshold;
the second difference 1s adjusted to be lower than the threshold; and

the third difference 1s adjusted to be lower than the threshold.

12
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10.
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The method of claim 4, wherein a difference between the first difference and the second
difference 1s within a predetermined range, and another difference between the first

difference and the third difference 1s within the predetermined range.

The method of claim 1, wherein the upper deck further comprises a second upper dummy

word line, and the method further comprising:

adjusting a second upper bias voltage applied to the second upper dummy word line
and/or a second upper threshold voltage ot the second upper dummy word line to
adjust a fourth difference between the second upper bias voltage and the second

upper threshold voltage.

The method of claim 7, wherein:
the first difference 1s adjusted to be lower than a threshold;
the second difference 1s adjusted to be lower than the threshold; and

the fourth difference 1s adjusted to be higher than the threshold.

The method of claim 8, wherein a difference between the fourth difference and the first
difference 1s within a predetermined range, and another difference between the fourth

difference and the second difference 1s within the predetermined range.

The method of claim 1, wherein the upper deck further comprises a second upper dummy

word line, the lower deck further comprises a second lower dummy word line, and the

method further comprising:

adjusting a second lower bias voltage applied to the second lower dummy word line
and/or a second lower threshold voltage of the second lower dummy word line to
adjust a third difference between the second lower bias voltage and the second lower
threshold voltage; and

adjusting a second upper bias voltage applied to the second upper dummy word line
and/or a second upper threshold voltage of the second upper dummy word line to
adjust a fourth difference between the second upper bias voltage and the second

upper threshold voltage.

The method of claim 10, wherein:

the first difference 1s adjusted to be lower than a first threshold;
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the second difference 1s adjusted to be lower than a second threshold;

the third difference 1s adjusted to be lower than the first threshold; and
the fourth difference 1s adjusted to be higher than the second threshold.

The method of claim 10, wherein a difference between the fourth difference and the first
difference 1s within a predetermined range, and another difference between the fourth

difference and the second difference 1s within the predetermined range.

The method of claim 10, wherein a difference between the fourth difference and the
second difference 1s within a predetermined range, and another difference between the

fourth difference and the third difference 1s within the predetermined range.

The method of claim 10, further comprising:

setting the first upper bias voltage, the first lower bias voltage, the second lower bias
voltage and the second upper bias voltage to a pre-pulse level during a pre-pulse
operation; and

setting the first upper bias voltage, the first lower bias voltage, the second lower bias
voltage and the second upper bias voltage to a program level during a program
operation;

wherein and the pre-pulse level 1s higher than a maximum allowable level of the first
upper threshold voltage, the first lower threshold voltage, the second lower threshold

voltage and the second upper threshold voltage.

The method of claim 10, further comprising:

setting the first upper bias voltage, the first lower bias voltage, the second lower bias
voltage, and the second upper bias voltage to a first pre-pulse level, a second
pre-pulse level, a third pre-pulse level and a fourth pre-pulse level respectively
during a pre-pulse operation; and

setting the first upper bias voltage, the first lower bias voltage, the second lower bias
voltage, and the second upper bias voltage to a first program level, a second program
level, a third program level and a fourth program level respectively during a program
operation;

wherein each of the first pre-pulse level, the second pre-pulse level, the third pre-pulse
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level and the fourth pre-pulse level 1s higher than a maximum allowable level of the

first upper threshold voltage, the first lower threshold voltage, the second lower

threshold voltage and the second upper threshold voltage.

16. A memory for reducing program disturbance, comprising:

an upper deck comprising a first upper dummy word line configured to receive a first
upper bias voltage and have a first upper threshold voltage; and

an lower deck comprising a first lower dummy word line configured to receive a first
lower bias voltage and have a first lower threshold voltage;

wherein the upper deck 1s formed above the lower deck, the first upper bias voltage
and/or the first upper threshold voltage 1s adjusted to adjust a first difference between
the first upper bias voltage and the first upper threshold voltage, and the first lower
bias voltage and/or the first lower threshold voltage 1s adjusted to adjust a second

difference between the first lower bias voltage and the first lower threshold voltage.

17. The memory of claim 16, wherein the lower deck further comprises a second lower
dummy word line configured to receive a second lower bias voltage and have a second
lower threshold voltage, and the second lower bias voltage and/or the second lower
threshold voltage 1s adjusted to adjust a third difference between the second lower bias

voltage and the second lower threshold voltage.

18. The memory of claim 16, wherein the upper deck further comprises a second upper
dummy word line configured to receive a second upper bias voltage and have a second
upper threshold voltage, and the second upper bias voltage and/or the second upper
threshold voltage 1s adjusted to adjust a fourth difference between the second upper bias

voltage and the second upper threshold voltage.

19. The memory of claim 16, further comprising a joint oxide layer formed between the

upper deck and the lower deck.

20. The memory of claim 16, further comprising a select top gate electrode, a select word line,
an unselect word line, a dummy word line, a select bit line and a bottom select gate

electrode.
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